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PIONEER 11
SATURN ENCOUNTER DATA
73-019A-07K

This data set has been restored. There was originally 6 ASCII 9-Track,
1600 BPI tapes, written as phase encoded (PE). There are 2 restored
tapes. The DR tapes are 3480 cartridges and the DS tapes are 9-track,
6250 BPI. The tapes were created on CDC 6400 computer. The DR and DS
numbers along with the corresponding D numbers and the time spans are
as follows:

DR# DS# D# FILES TIME SPAN
DR 02622 DS 02622 DD 45257 1-21 08/25/79 08/27/79
DD 45258 22-42 08/28/79 08/29/79
DD 45259 43-55 08/30/79 08/30/79
DD 45260 56-76 08/31/79 09/01/79
DR 02623 DS 02623 DD 45261 1-21 09/02/79 09/03/79
DD 45262 22-34 09/04/79 09/05/79




REQ. AGENT RAND NO. ACQ. AGENT
GLS V0097 WSC

PIONEER 11
SATURN ENCOUNTER DATA
73-019A-07K

This data set catalog consists of 6 magnetic tapes
created on a CDC 6400 computer. Theses tapes are 9-track
(written as phase encoded (PE)), 1600 BPI, ASCII and each
tape is multi-filed. The data is not blocked, one physical
record is one logical record. Each tape contains a copy
of documentation followed by sets of 4 files. The format
is identical to that of an Experimenter Data Record (EDR).

The D numbers, C numbers, and time span are as follows:

D# C# TIME SPAN
D-45257 C-21818 08/25/79 - 08/27/79
D-45258 C~-21819 08/28/79 - 08/29/79
D-45259 C-21820 08/30/79 - 08/30/79
D-45260 C-21821 08/31/79 - 09/01/79
D-45261 C-21822 09/02/79 - 09/03/79
D-45262 C-21823 09/04/79 - 09/05/79

The documentation files on these tapes may be missing some data. Requesters
should be provided with copies of the documentation in this Data Set Catalog.
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THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

OPTICAL SCIENCES CENTER 26 March 1981

Ms. Winifred Cameron

Code 601

National Space Sciences Data Center
Goddard Space Flight Center
Greenbelt, MD 20771

Subject: Pioneer 11 Saturn and Pioneer Image Data for NSSDC
Dear Ms. Cameron:

This is the third and last shipment of Pioneer 11 Saturn Mode 4 image data. The
first and second shipments were made on 28 October 1980 and 9 February 1981.
This shipment consists of:

a) Two computer tapes labeled Saturn 2 and Saturn 4 to complete the
set forwarded on 9 February 1981.

b) Two microfiche films containing DOY 241, Sequence 2, and DOY 243,
4fr Sequence 2.

¢) One copy of the "Final Technical Report, Pioneer F1G, Imaging
Photopolarimetric Instrument' by Santa Barbara Research Center.”
This is a useful archival document that fully describes the
instrument, its operation, and design performance,

d) Pioneer 11 Jupiter encounter images D-5, D-6, and D-9 consisting
of one black and white negative set and one black and white print
each., These are described in the enclosed list of descriptive

comments for each one. These three images, which show the.north
polar region of Jupiter, could not be successfully displayed until
recently.

Mode 3 data for the Pioneer Saturn will be forwarded later. In this regard, any
communications should be addressed to Dr. M. G. Tomasko, Lunar and Planetary
Laboratory, Space Sciences Building, University of Arizona, Tucson, Arizona 85721,
telephone (602) 626=3655.

q}p Sincerely yours,
)
o\ ¥ ;
b C. Blenma T.
Pioneer Saturn Program Manager

/[ Enclosures (all in same carton)

cc: Mr. Richard Fimmel, ARC N-244-8 (forwarding letter only)
Mr. Dorsel D. Anderson, ARC N-240-1 (forwarding letter only)
Dr. Tom Gehrels (forwarding letter only)

CB/ds

\ N 117




Descriptive Comments on
Pioneer 11 Jupiter Images D-5, D-6, and D-9

Forwarded to NSSDC on 26 March 1981

These images could not be processed until recently (March 1981} due to excessive
data anomalies experienced during the Pionecer 11 encounter of Jupiter in December
1974. These could not be corrected for with the image processing techniques

then available. Their processing, therefore, had to wait until the end of the
Pioneer Saturn processing effort when the more sophisticated techniques including
iterative editing and display software and hardware, used for Saturn could be
improved. No color images could be produced for these three images.

Caution, therefore, should be exercised in interpreting the surface features
appearing in these images as many missing data rolls and other data vacancies

were filled in for best visual effect. If an investigator wishes to differentiate
between real and restored data, he should be referred to the Mode 4 Pioneer 11
image tapes previously furnished NSSDC. '

Image No. Doy _ Comments

D-5 337 This image gives the highest global resolution obtained
during the Pioneer 11 encounter. The mottled structure
in the north polar region is quite pronounced as well as
the latitudinal structure between the polar and temperate
zones. One of the three previously observed white ovals
is clearly visible in the center of the image, but the
dark line extending horizontal from this oval is probably
an artifact. The shape of the limb is somewhat imperfect
because of severe instrument stepping anomalies in the
raw data, as are the two discontinuities in the equitorial
plane.

D-6 337 The swirls in the temperate latitudes are clearly visible.
The shadow of satellite IQ is prominent at the top of the
image. Near the center of the image a dark linear cloud
feature is seen in the North Equatorial Belt which appears
somewhat darker in the blue than in the red image.

D-9 337 This is the closet Pioneer 11 image after periapsis that
shows the Red Spot. Many swirling cloud features appear
near the north edge of the North Equatorial Belt., Numer-
ous small light spots are seen in the northern part of
the North Temperate Region.

These, and the other D series images of the Pioneer 11 encounter, provide the only
thorough coverage of the polar regions of Jupiter at relatively high rcsolution,

including those obtained by Voyager I and to be recorded by Voyager II. The Voyager

fly-by trajectories do not provide for high latitude coverage of the planct.
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T November 24, 1980

This document describes Pioneer 11 Saturn imaging mode
data stored on magnetic computer tapes which are tabeied
SATURNLls SATURNZ, SATURN3, SATURN4s SATURNS and SATURNG. The
data is provided to the National Space Science Data Center by
the Optical Sciences Center at the University of Arizona.

TAPE STRUCTURE

These computer tapes are 2400 foot lengthy 374" widthy
9-track tapes written as phase encoded (PE)s 1600 bits per inch
data. The data is not blocked - one physical record is one
logical record,

TAPE DATA FORMAT
Each computer tape contains a copy of this document fol-
iowed by sets of four files, Each set records all relevant data
pertaining to the specific data-taking time-block, Refer to
Table 1 below for a list of the number of characters per record
in a four-file set, The data has been stored using the American
Stancard Code for Information Interchange (ASCII) character sete.
The format is identical to that of an Experimenter
Data Record (EDR)e An EDR is divided into groups of four files:
. File 1 - contains ilogistics information
T\ File 2 - contains a list of all commands sent to the
spacecraft during the time blocke
File 3 - contains spacecraft attitude data
File 4 - contains housekeeping data plus atl)
intensities telemetered during a data cycle
{one rotation of the spacecraft about its spin
axis) of the [maging Photopolarimeter (IPP)
instrument.
Table 2 details the content of each of the data Files in a
four-file set. Be aware that each record in File & begins with
77 "housekeeping™ parameters which describe the status of the
instrument, time of data receipt, data quality, et cetera.
These parameters are decribed in appendices A and Bs which are
taken from NASA/AMES Research Center Pioneer Program documents
PC~261.045"Pioneer Fildn=Line Ground Data Systems Software
Specificationss Instrument Monitoring and Data Processing"
and P(-262.02,"0ff-Line Data Processing System Detailed
Processing Requirements." Appendix A (of the document) begins

with a brief description of the imaging photopolarimeter
operations




TAPE USAGE
These tapes contain ali of the intensity measurements
made by the IPP. The measurements are shown in the Pioneer
Saturn Image Prints (available from NSSDC)s. The prints are a
sequential plctorial display of the contents of all of the file
# 4's contained hereins The user may also be interested precise-
Iy where the IPP was pointed for each intensity measurement. It
is left to the user to solve this probiems A complete descrip-
tion of how such a solution may be affected is beyond the scope
of this document; however some brief guidelines follow,
The trajectory of Pioneer 11 past Saturn is described
by the Saturn-spacecraft vector which can be found on the
Pioneer Saturn Trajectory tape (available from NSSDC). From
this vector the position of Pioneer 11 relative to Saturn can
be found., A second vector describes the tine of sight of the IPP
for each intensity measurement. This vector always originates
at the IPP ands» if the planet is being vieweds intercepts the
surface of Saturne This vector is specified by four quantities:
1) the celestiail longitude of the spacecraft spin axis;
2) the celestiai Jlatitude of the spacecraft spin axis;
3) the clock {(sometimes called “roli") angie of the IPP;
4) the cone (sometimes called "lock") angle of the IPP.
The celestial longitude ana latitude are avaitable in file 3.
The clock and cone angles can be caiculated from the IPP house-
keeping parameters (see the instrument description in the "Final
Technical Report" on the 1PP, also availabie from NSSDC.)
- Efficient use of the tapes can be made in conjunction
:h the Pioneer I[mage Log and the Pioneer Encounter Pre-~Exams
tuhnch are supplied to NSSDC on microfiche.) The image log
details the midtime of each image and aiso useful geometric
data regarding the image including its phase angies longitude
of the central meridiany fatitude of the sub-spacecraft point
and the resolution of the image. The microfiche lists the time
and certain housekeeping parameters for each data cycles To
access data for some given image, use. the following stepss
(Figure 1 details steps necessary to access image F-10G5.)
l. Consult the Pioneer Image Log (a table which follows)
to determine the midtime of the image to be studied.
2+ Locate the midtime on the Pioneer Encounter Pre-Exams
and determine the starting and ending dates and times
of the image.
3. Examine the Tape Table of Contentsy or the labels on
the computer tapes to determine which tape contains
the image in question.

[T



!T TABLE 1
!
FILE RECORDS PER FILE CHARACTERS PER RECORD
1 1 480
2 variable 1200
3 1 1920
4 variable 4080




!
l TABLE 2 !
! Detaiied File Contents !
$ !

A e - -—— - ——— - - S o e S A T - A 1wl - e s - -

Fite 1 (logistics information)
{physical record number 1)
{atl unspecified character positions are ASCII spaces)

Character position(s) Contents

1-7 "P IONEER"

9 "GY indicates Pioneer 1l1.

11-13 nEDR"

15-29 nn "ACQUISITIONS™ where nn is the number
of acquisistions.

33-38 "JA/Lpp"

40=48 wSJC ID 24 Wwhere 24 is the spacecraft
identification number.

50=-67 MGENERATEDY mm/dd/yy where the date indicates
when the tape was generated.

69-88 "REGENERATED" mm/dd/yy where the date
indicates when the tape was regenerated.

4Q=-95 day of year and year covered by this

j: four-file groups

97-120 List of deep space stations that

tracked during the file time period,
This list will be an ASCII conversion
of the station codes {(see PC~262.04)
figure 5-50). The entries will be two
characters separated by commas.

121-133 "ILM BIT RATES"

135-240 tist of all telemetry formats contained
on this £DR tape. The entries consist
of five alpha characters separated by

commas.
361-369 "MODES RT™
380-412 "START TIME™ hh/mm ®"STOP TIME"™ hh/mm

where the times indicate the LFarth
receipt start and stop times of the
data on this EDR.

414=480 "TAPE SEQUENCE NO." n where n is the
sequence number of the tape within the
listed time period.

PH:l

File 2 {command data)
{1+ arbitrary physical record is described)
Q=25 ddd hh mm ss where the day and time

o [TT



indicates the Earth receipt time of the
command.

1\ Verification code. V indicates the
command was verified; N indicates
the command was not verifjed,

Each physical record contains 50 commands. The above pattern is
repeated in the following characters:

31-5¢ 271-290 511-530 751-770 991-1010
23-72 293-312 533-552 773-792 1013~1032
75-94 315-33+4 5355574 795-814 1035-105¢4
97~1l0 337-35¢6 277-596 §17-836 1057-1076
129~148 369-368 609-628 849-868 1089-1108
151-170 391-410 631-650 371-890 1111-1130
173-192 413-432 653-762 893-912 1133-1152
195-214 435-454 675-694 915~-934 1155-1174%
217-2306 457-476 697~7106 937-956 1177-1196
249-2068 489-508 729-748 969-988

The last record may contain space (blank) characters in order
to extend the recorg length to 1200 characters.

File 3 (spacecraft attitude data)

-——— S S M wmhdh  VED NN W WD W

(physical record number 1)

=9 ddd bh mm $s5, the day and time of
the attitude measurement (UT).

10=135 lerg Fill

ib FLAG: 0 = special refinement

{+/= 0.1 degree),
1 = nigh~gain antenna
{+/- 043 degreel.
2 = medium=gain antenna
{+/- 1.3 degree),
3 = dynamic position for
dejta V (+/~3,0 degree).
This flag indicates the accuracy with
which the direction of the spin axis
is measured,
17-18 zero fill.,
1924 ceiestial longitude
of the spin axis in degrees (inciudes
decimal point and sign.)
25-31 celestial iatitude of the spin
axis in degrees {(includes decimal point

[T



and signe.)
3%:37 clock angle of the sun in degrees.

‘ Includes decimal point and sign.

B Refer to document PC~262s mentioned
eariier in this document, for a defini~-
tion of this parameter.

38~43 clock angle of star in degrees,
Incliudes decimal point and sign.
Againy refer to document PC~262 for
details about this parameter.

44-60 Zero filt,

The above sequence is repeated every 60 characters for
gifferent dates and times, A history of spacecraft attitude
data is hereby available. The most recent determination
is the jast one,

File 4 (experiment data)

(an arbitrary physical record is described)

lonly those parameters marked "*" gre of interest to the

general user)
¥5=-12 integer universal Earth receipt time in
in mitliseconds of the start of the data
cycle

¥i6=1b integer gay of year (DOY) the dats was

- received,

r integer time correction flag.
O = error; 7 = suspect time or corrected
time,

30 integer reference select for spacecraft
roid pulse: Os=error; lastar; 2=SUNB;
3=SUNA.

33-36 real valued signal to noise ratio
{signal + noiseld/noises

41=42 integer code of deep space station which
was tracking.

48 \ integer bit rate at which the data
record was taken:!

RATE IN
ASCII BITS PER SECOND

16

32

64

128

256

512

1024

2048

SNV SWN-O




22=33

¥o8=-6o

69-72

W‘
74-~78
81-84

88~96
¥102-108
114
126-132
137-144

146-150
152-156
162-174
176-~180
181-216

221-228

233-234
245-252

il

-

mode and format are two data values,
one byte and two bytes respectively,
which describe the telemetry,
MODES (ASCII codes)

Qorl = real time

2 or 3 = memory readout

4 or 5 = telemetry store

FORMAT: (format)
B or 3 = A
O orl =28
4 or l2 = Cl
S or 13 = (2
& or 14 = (3
7 ar 15 = C4
24 = D1 with A
16 = D1 With B
25 = 02 with A
17 = D2 with B
26 = 03 with A
18 = D3 with B

(refer to document PC-262.02 for
details regarding meanings for AsBsCsD)
the round trip light time given in
total miliiseconds.

the extended frame counter widl be a
combined word from the spacecraft tele~-
metry of both the subcommutator identij-
fication word and the extended frame
caunter word., Together they comprise a
counter from 0 to 8191.

star detay time

these are flags which indicate the
validity of the vatues stored in char-
acter positions 88-96, 102-108, and 126-
132, respectively.,

roti attitude timer.

spin period in seconds.

engineering word C-417.

roll pulse/roll index pulse phase error,
GMT time that C-112, the roll attitude
timer, was received.,

DC BUS VOLTAGE (C-107)

DC BUS CURRENT (C-129)

IPP power off/on indicator.

temperature nearest the IPP.

36 data quality indicators,

one for each frame of IPP data,

A frame is 192 bits long.

the millisecond received time of the
last high voltage status check.

the IPP nigh voltage indicator

GMT time in milliseconds of the

start of the data cycie.

e



256-258

£264
»8=270

¥272
%273
¥214
*¥275=2706
*¥281-282

*¥283-284%
*¥285-286
¥287

¥288
291-318
¥361-4080

SYNC CODE - IPP Barker code.
uncorrected mode identiftier

starting spoke,

back step indicator,

threshold indicator.

low sampie rate indicatar.

gain step.

the starting look angle number in the
SLA register.,

COARSE LOUK ANGLE.

FINE LOOK ANGLE.

APERTURE mode 3 (+5mr» Bmrs haif—wave
plate or depolarizers»D) or mode & (.5m¢)
step inhibit indicator.

IPP temperature readings.

1860 INTENSITIES. Each intensity is
tuo characters. The intensities are in
the order which they were measureds
ie@s Dluey red, blues red» blue, red,
etcs The time between consecutive
measurements in one color is 171024
second {except in low sample rate when
it is 1/512 second). Valid data numbers
range from 0To 63. The valye -1
indicates invalid data. No more than
1015 intensities can be valid on one
data cycle.

[T
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TABLE 3 !
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3.

4.
5.
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IPP STARTING LOGK ANGLE CALIBRATIDON DATA

INSTRUMENT
SLA LOOK

ANGLE

END STOP 170.48
1 from END STOP 152.10
1 from 2 151.25
2 from 1 i28.70
2 from 3 127.60
3 from 2 109,72
3 from 4 108.85
% from 3 90.93
4 from 5 90.08
5 from 4 5T«25
5 from 6 66437
6 from 5 29050
6 from 7 28.62

1PP HOUSEKEEPING
Def initions and Anomalies

Barker code {Sync coage) [7 bits) value is almost always
114, but bits can be added when the spacecraft is irradiated.
Mode 1¢Ds ({3 bits] value =1 indicates mode & = imaging
mode; vaiue =2 indicates mode 3 - photopolarimeter mode;
value 34 indicates mode 2.

Rail Spoke (8 bits] values O through 259 (1.40625% degrees
per spokele Spoke 40 (=3.75 degrees) is the reset value
(varies per instrument and other things too numerous to
mention). WARNING ! When the threshold bit is not ons the
last two bits of the spoke are undefineds ise. read the
spoke as if the last two bits are zeroes whether they are
Zero or not. It is best to mask them off to 2ero when the
threshoid bit is not on (=0), When the threshold is on {(=1)
the reading is precise to the nearest spoke.

Backstep bit (BS) 1 = on, ¢ = off. IPP backstep,
Thresholtd Bit (Th) 1 = onsy O = off. Threshold scan. For
@ list of at{ the screwy things that this bit does read the
IPP detailed instrument description. Good Luck !

I ey
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h
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Low Sample Bit (LS) 1 = on, O = off, IPP in low sample in
mode 4. Doubies the field of view in mode & by not taking
overlapping sampies. The low sampling rate reads in a blye
intensity, steps the IPP by one pixels reads a red intensity
and then steps the IPP another pixet, This procedure is re~
peated until ali 1016 pixels nhave been read. Stepping by one
pixel does not aliow the IPP to sampie both the blue and red
pixel data from tne same location on the planet surface.
(Note this when registering tne blue and red data.,) The high
sampie rate reads a biue intensitys steps the IPP one-half
pixel, reasd a red intensity and then steps another one-half
pixel, This allows an overiap between the blue and red planet
surface sample area.

In mode 3 sampling is not affected, it just turns off the
catibration lamp,.

Gain Step Setting (GS) [5 bits] values 0 through 27 steps
with steps 12, 13, 14 and 15 missing (so that the cantiguous
step numbers are 9, 10y 11y 16s 179 1B8» eesle If the gain is
bigger than 11 then subtract 4 from it. Flag any invalid
combinations when they occur.

8. Starting Look Angle (SLA) {4 bits] see table below:
SLA Bits Valuye Approximate Cone Angle
1 0000 0 151 degrees
2 0001 1 127 (SLA reset)
3 0Cl1 3 109 degrees
4 0111 7 90 degrees
EN- 1lill 15 b5 deyrees
W b 1110 14 29 degrees
7 1100 12 10 degrees

e

10.

8

- —

An IPY3 command at SLA = 7 sets the register to SLA 1. Afl
other vailues (25 4y 5, 65 8y 95 10» 11 13) are invalid.
Fine Encoder Position [5 bits] A 24 position shaft encoder
attached to the telescope stepping motor. Each single
position change is equivatent to a telescope look angle
change of 0.5 milliradians (0.0286478 degrees), The step
values are from 1 to 24. {About 0.688 degrees /revolution),
Coarse Encoder Position [5 bits) A 5 bit position code

from wipers mounted on gating tracks attached to the tele-
scope itself, each being about 4.7 degrees apart. A code

of 0 = 170 degrees (end stop)» and a code of 31 = 10 degrees
(solar diffuser). (A code of 30 = 29 degrees, there are no
extra wipers between the edge of the antenns and the diffus-
er. The rest, 29 degrees through 170 degrees are about 4.7
degrees apart. The exact values and spacings vary with

each instrument.) Certain of the gate tracks are the starting
look angles to which the instrument stews when given an IPW3
or IPW4 command (or when the telescope hits the end stop

170 degrees.} Note that the fine encoder takes about 6.8
turns for every gate track crossed,

T
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lleAperture Code [6 bits] This 6 bit code tells which aperture
.is in place for this IPP data roll. (Exception when in mode
3 the first 4 of 4y 55 65 ¢ 4 is reaily a2 3 (lamp roli)}.
The aperture codes are as follows:

AP Codge Bits What it is
1 001000 40 x 40 mr open
Z 010000 pnosphor source
3 100000 +5 mr (mode 3 lamp/mode 4 image)
4 000100 hai{f wave 8 x 8
5 0400010 depolarizer 8 x 8
b 0Q00Ql 8 x 8 open {(with corrector)

Thne aperture code has already been decoded for you on the
EDR tapes. (This is the oniy field on the EDR which has
been decoded for you.)
12.5tep Inhibit B8it 1 = ony 0 = off. IPP stepping is inhibited.
This bit tells the IPP to not stepe (Has no effect in siewe)
Alsos, if the threshold bit is on and no object which is in the
360 degree field of view {all the way around the rol}) has
8 or more counts in channel 1 {BP =~ see note 20 below) then
the IPP will go ahead and step anyway. If there are 8 or more
counts the IPP will stay put.
13.5pare Bits (3) These bits were for things thought of later
to be sent down but they were never useds fortunately. They
are currently used (because they are always zero) to
separate false Barker codes (data intensities that look like
the start of housekeeping) from real Barker codes - the start
of a new roill. This is mainly a problem in mode 4 at the
lower bit rates — 2%6s 512, 1024 - when the entire data rotl
is not transmitted and a new roli starts right after the
middle of the last one. The intensities are arranged such that
the nign order bits fall in the spare word and in the Barker
Ccode. Tnhese bits are on to make a false Barker code and off to
make a fFalse spare words (This saved hand decoding data
during the Pioneer 10 close approach to Jupiter.)
14¢» 1545 1645 17,5 18+ IPP Temperatures. Temperatures are
thermistor voltage readings from inside the IPP which correspond
to the temperature of various places inside the case. See chart
belows
Tl = blue channettron (#1i) temperature
T2 = red channeitron {(#2) temperature
T3 = phosphor source temperature
T4 = high voltage power supply temperature
T35 = electronic cavity temperature
The voltage-temperature calibration is different for each
sensor and each instrumente. It also changes slightly
with time, but it can teit when anything is burning out. These
temperatures are only taken in mode 3. Values in mode 4 are
old mode 3 vailues.
19+Mode 4 Intensities. 508 picture elements (pixels) by 2 chan~
nels. Intensities are 6 bits in the order biue foilwed by
red. Note that the last two bits of the last intensity
~208 red- are not sent. No room in the spacecraft 6144 bit
fT~buffer for them.




1)
2}

3)

4)

2)

6)
7)
8}
9]

FIGURE 1]

MODE 4 DATA ACCESS EXAMPLE
Choose to examine image F-105. (First in image log listae)
Consult the image log (near the end of this document) to
determine that the tarth receipt midtime of the image is
DOY 237 at time 01:19.
From the Pioneer Saturn encounter Pre-exams (on microfiche)
determine that the image starts at DOY 237 at time 01317:04.
Notice also that this image STOPS at time 01:22:34. These
times correspond to records numbered 589 through 632. Read
note 21 in the section above labeled "IPP HOUSEKEEPING™
to learn how to determine image START and STOP times.
Consult TAPE TABLE of CONTENTS (the last tabie in this doc-
ment) to determine that image F-105 is on the computer tape
labeled "SATURNL™,
Skip 1 file (the first file on each tape is a copy of this
ASCLI text.)
Skip three files (the logistics, command and attitude data.}
Read a record. {4080 ASCII characters)
End-Of~File encountered ? Yes: go back to step 6,
Does the DOY, time >s image START time ? Not go to step 7.

10) [s the DOY, time > image STOP time ?

Notaes Print 77 housekeeping parameters and 1016 intensities
b. Read a recorc

¢e Repeat step 10

11) Rewind the computer tape,
IT) Stop.




2Q0.Channel associations are as follows:

_ number abbreviation code
T 1 3P
2 BS
3 RP
4 RS

where "B" means blue filters "R™ means red fitter, "p® @eans
polarized and parallel light while "S" means polarized and
perpendicular lignt.

21.D0etermination of an image START and STOP times. Example:
image F-105 has midtime 237:01:19. Examine the EDR Pre-exanm
{recorded on microfiche) for day 237. The data in the EDR
Pre-exam is grouped the same way that the EDR is grouyped, A
summary of files 1» 2, 3 precedes the IPP data summary. The
IPP data in the Pre~exams inciude summaries for mode 3 data.
Moge 3 data is not included on the computer tapes at NSSDC.
A data summary page {as seen on the microfiche) has column
headings for record number (REC.)» hour (HR.)» minute (MN)},
second (35EC), the mode 4 record number {(M4-NO.) or the mode 3
record number (M3-NO.) if that page details mode 3 data, some
other columns, tne instrument gain setting {GAIN)}, other coli-
umns» the biue channel high and low intensity values {(8=H/L),
the red channei high and low intensity (R-H/L). Follow the
HRs MN columns until a time near 01:19 (0l hourss 19 minutes
time on day 237) occurs. Record 605 is the first of these.
Notice that under the column heading R~H/L are "4/ 0", The
brigntest pixel seen by the red channeltron during the scan-~

-~ ning of record 605 has value 4. Read lines above record 605

F (tne midtime record) until Find a line which reads "1/ O
under column R-H/L while the line above it reads ™0/ Q™.
This is the First fine in the image. Record the time for this
line - this is the image START time. Reads lines below the
midtime record until finding tnat the highest red intensity
vaiue is smali and the successive line has a maximuym red in-
tensity velue of zeroe This unfortunately does not happen
With image F-105 becayse the IPP was switched from mode & to
mode 3 at record number 633, 50 use the time for record 632
as the image STOP time,
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T\ PIUNEER 11 IMAGE LOG DEFINITIONS

The attached tabie lists the Saturn images from the
Pioneer 11 fly-by. The images are identified by a series letter
and a sequence number. The letter identifies whether the image
was taken before (F) or after (G) pericenter, The numbers are
sequential beginning with the image closest to the pericenter.
in addition to the image designationsy the time of the image and
and certain geometric parameters are listed in the table., They
are defined as follows?

ERT Midtime - the Earthn-receipt midtime (UT) of the
images ieees the actual spacecraft event
midtime {mean of the image START time
and STOP time) pius the tight travei
time from the Earth to the spacecraft.
This time can be used for comparison
with ground-based observations.

Range - the distance from the spacecraft to the
center of Saturn at the midtime.
(Measured in kilometers,)

Pixel size = the distance at the sub-spacecraft point
on Saturn subtended by a 0.5 miltiradian
angle at the spacecraft. This is a
measure of the resolution of the image.
(Measured in kilometers,)

Phase Angle - the Sun-Saturn-spacecraft angle.

T Latitude - the ptanetocentric iatitude of the sub-
\ spacecraft point.
LCMH - the IAU system Longitude of the Central

Meridian as seen from the spacecraft.
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ihage ¥
F=105

F~33

F=32

F=29

F=13

F-12

Z

Descriptive Comments on Selected Images

Day
236

240

241

242

242

242

243

243

244

- - - - -

comments
No satellites visible. Dark ring silhovetted against
planet with its shadow above it. Two belts can now be
seen above and below the ring shadow. Several spots are
barely visible in the north hemisphere.

Sateliite Enceladus appears at 2330 o'clocks close to
planet. Some faint band structure is present.

Titan at 11 o'ciock. Cassini Division is cleartly
resolvedq and distinct from Fncke Division. Ring A has
MUCH higher opticai depth as it nears Cassini Division
due to more paricuiate matter. There are suggestions

of division (or divisions) in Ring C. Polar sand temper-
ate belts are becoming more visible on the planet.
However, northern hemisphere bands are more evident
than those in southern hemisphere. Also the red

image is slightly saturated due to IPP gain settings
when image data was taken.

Satellite Rhea at 4 o'clock. Rings are cropped due to
missing IPP data.

The sateitite Dione is at 1 o'clock. The satellite sha=-
dow at 10 o'clock on the planet is that of the sateitite
Rheas The right 1imb of the planet suffers irreguiar [PP
stepping.,

Satellite Enceladus appears faintiy at 8230 o'clock
befow left side of ring., Shadow of sateftite lapetus is
seen on the pianet surface at about 70 degrees north
tatitude, The planet is somewhat saturated in the red
tmage due to high IPP gain settings.

This high resolution picture of Saturn and its ring
system show majof ring features and planetary cloud
belts in detail.

This image shows the south polar region of Saturn (the
South Pole is not visible but is close to the lower ieft
corner of the image)s the south equatoriail belt appears
faintly below the ring silhouette.

This is the "discovery" image of the Pioneer 1] Saturn
encounter, The provisional "new™ satellite 197951 is
seen about 5 o'clock. The new F ring appears faintiy
Just outside Ring A. The bright satellite at 2 o'clock
is Tethys.

11T



F-9

F=7

G=3

244

244

244

244

244

15

This close~in image of Saturn's southern hemisphere
shows that the south polar region appears darker than
the temperate region above ity with a clear line of
demarkation, Several faint belits can be seen in the
temperate region with a smaill but discreets orange
spot in the center, Such spots are rare in Pioneer
Saturn imagery.

This is one of the highest resolution images of Saturn

during the Pioneer 11 encounter. The south polar region
is clearly seeny as well as several belts in the south

temperate {atitudes, The absence of other structures is
notables» suggesting a highly stable and uniform system
of atmospheric dynamicss

Silhouetted against the planet, the rings appear jet-
black except where the light from the pianet shines
through the ring divisions, The Encke Gap is barely
visible., The Cassini Division Is seen extending out from
the ball. Subtle differences in coler and form are seen
in the northern and southern cloud structure. The bright
spot near the left limb of the planet is the sateltite
Mimass, and its shadow is cast near the right edge of the
i mage.

This image of Saturn extends from latitude 31 degrees
north in the upper lteft to the equator at the bottom of
the imagey thus covering the north temperate and equa«
torial reqions, numerous low contrast cloud features can
be seen.

This is the highest resolution pre—-periapsis Mode &
image. The aperture size projected onto the ptanet is
approximately 250 kilometers. Since the spacecraft was
moving at about the same rate as the planet's rotations
the scan tines were overlapped. The remarkable lack of
detail st this resoiution demonstrates the dramatic dif-
ferences between the atmospheric dynamics of Jupiter and
Saturn. The mottied structure of the image is due to
noise in the data at the high gain setting.

This is the closest Mode 4 image of Saturn, the size of
the IPP aperture projected onto the planet being approx~-
imately 250 kiiometers. No belt structure or spots are
visible on the planet because of the large (137 degrees)
phase angles This image spans from latitude «46.7
degrees to the rings at latitude -6.4 degrees. The two
bright lines at tne top are the Encke Gap (lower) and
the Cassini Division (upper) of the rings.

The dark lines {data "comb") protruding into the image
from above are a resuit of the IPP sampling process.
They are caused by data from other spacecraft experi-
ments stored in the data buffer which thus appears as a
comb-4dike structure near the exremity of the IPP's data
boundary whnen it approaches sector 150 degrees.

— I - —



6G-8

6~10

G~l4

244

245

245

As the phase angle decreases the planet?s belt
structure becomes more apparenty hence at 114
degrees phase angle the beits become marginaily
visible. The Encke Gap may be seen in the rings
against the planet. The decreasing width of the
ring shadow on the planet is the result of a
¢hange of scale as the spacecraft moves away
from Saturn,

At phase angle 95 degrees the contrast of the
belts increases substantialiiy. The data satu-
rated the [PP during a part of the image. The
discontinuity results from a gain reduction
{in order to avoid saturation.)

Bands are cleariy seen across the planet and are
much more conspicuous than images taken at the
same phase angle of Jupiter during Pioneer 10
encounter.

The Titan satellite images. These four images
are lumped together under the name G-14. Their
START TIMEs are listed below.

START TINME STOP TIME
G-l4a 17:53:03 17:56:54
6-14b 18:18: 56 183124219
G-l4c 1814612406 18352132
G-144d 19:29:04 : 19241231

jb
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Descriptive Comments on List
" of Pioneer Saturn Encounter Images

Forwarded to NSSDC on 9 February 1981

IMAGE NO. [L.0) 4 COMMENTS
F-81 238 As the spacecraft neared Saturﬁ on 26 August 1979,

details of its belts and rings béecame visible, as
the resolution began to approach that possible from
Earth observations.

F-59 239 Small dark spot at about 5 o'clock of red image is
due to one pixel of bad data from the IPP. It shows
as a small blue spot on the color transparency. It
can be corrected on future reproductions. A notch
appears on the edge of the planet at about 11 o'clock
which is due to defective pixels.

Many new features are beginning to show. The Encke
Division of the rings is clearly resclved. (Before
it was blended with the Cassini Division.) Belts
across the planet are becoming more distinct.

F-35 242 Satellite Titan appears at 9 o'clock. The outer
portion of the left ring (ansa) is cropped because
no data beyond same was taken by the IPP.

F-34 242 Satellite Rhea seen at 6 o'clock; Titan appears at
9 o'clock. End of left ring is cropped because no
data beyond that point was taken.

G-14 245 Four images of Titan have been displayed from a series
of close together images, and are displayed as B, C, D,
and E clockwisc on a single negative. The D image is
obviously unsatisfactory due to dropped frames, and
other data or instrument anomalies, which could not be
corrected. The other three B, C, and € are the bost
Titan renditions possible and have bheen color-processed
using Saturn's color appearance. As no one has scen

. Titan from this aspect and range, we have no standard
by which to juwdge its color. The magnifications of the
images arc arbitrary. . No surface details are apparent
as Titan is covered by clouds of which no specfic
structure or patterns can be seen. The optimum Titan
image is G148, becsuse it had the best data and there-
fore required less processing.

T



(\ IMAGE NO.

G-21

F-6

G-4

R-1

poy

246

244

244

244

COMMENTS

As the spacecraft moved further away from Saturn,
the cloud features became less visible. In this
image, gain changes were not corrected for in order
to improve visibility of the rings. A scattered
light halo is visible to the front and rear of the

planet which is most probably due to light scatter-

ing within the IPP optics.

Oblique structure can be seen in the belts and a

few faint light spots appear on the planet. The
shadow of the rings on the planet shows the Cassini
Division clearly as well as a division between Rings
B and C. This latter division has not heretofore
been widely accepted. This image shows more struc-
ture on the planet than any other Pioneer Sdturn
image,

As the phase angle decreases the planet's belt struc-
ture becomes more apparent, hence at 114° phase

angle the belts become marginally visible. The Encke
Gap may be seen in the rings against the planet. The
decreasing width of the ring shadow on the planet is
the result of a change of scale as the spacecraft
moves away from Saturn.

This "1mage” was reconstructed from red intensity
data from images F-12 and F-6; such display shows
how the rings might appear from the dark side. A
radial intensity plot was made to produce the pic-
ture. (The plot is attached hecreto.) e observe
an azimuthal brightness in Ring A. It is not de-

picted in this display.

]
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SATURN IMAGE LOG
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PIXEL PHASE

IMAGE NO MID TIME RANGE Sizk ANGLE LAT LCM
SEQUENCE DOY HR MIN {KM) (KM) DEGREES
Fla5 237:01:19 6749000 3345 18.0 545 223.1
F71 239:02:25 2144000 2542 17.4 545 14346
F70 239103306 5121000 2531 17.4 5.5 168,1
F69 239306110 5019000 2480 17. 4 5.5 27545
rFo8 239:06355 4995000 2468 17.3 545 301.3
Fo67 239:07:4] 4969000 2455 17.3 545 32845
Fob 239308226 4944000 2442 17.3 3.5 3%4.5
Fb65 239309227 4910000 2425 17.3 545 30.4
ko4 239210210 4887000 2414 17.3 3¢5 55.2
F63 239311:27 4844000 2392 17.3 5.4 100.7
Fo2 239112408 4821000 2381 17.3 24 124.6
Foi 239:13:00 €793000 2367 17.2 Se4 154.4
Féu 239413238 4772000 2356 17+2 Jeb 17648
F39 239214226 4745000 2343 17.2 34 204.9
F58 239215111 4720000 2330 17.2 J.4 23144
F57 239:116:16 4684000 2312 17.2 5.4 269.1
. F56 239:17:01 46559000 2300 17.2 J¢4 295.6
F55 239323335 44335000 2190 17.0 2.4 165.7
F54 240100317 4416000 2178 i7.0 T 190.2
F53 240201203 4390000 2165 17.0 544 2l6.7
F52 240301348 4365000 2133 17.0 54 243.0
F51 240:02:37 4338000 2139 17.0 Je4 27145
50 2402032817 4315000 2128 16.9 5.4 29449
Fa9 240105:05 4254000 2097 16.9 54 358,.2
F&B 2403053552 4228000 c084 16.9 5.4 25.7
Fav Z41:03:38 3488000 1714 16.2 244 684
F4o 241804330 3458000 1699 16.2 5.4 98.6
F&5 241305353 3411000 1676 16.2 S04 146.9
Fas 2413006845 3381000 1661 16.1 a4 177.3
F43 241307146 3346000 1643 16.1 5.4 21249
Fa2 241208235 3318000 1629 16,1 5.4 241.6
Fél 241309:48 3276000 1608 1640 Se4 28348
F40 241310233 3250000 1595 1640 Se3 310.1
F39 241311:37 3213000 1577 15.9 5.3 347.7
F3s8 24ltl2:27 3184000 1362 15.9 3,3 16.6
F37 241122307 2846000 1393 1544 5.3 355.0
F3o 2412:22:57 2817000 1379 154 5.3 2443
F368B 242300341 2756000 1348 15.3 5.3 84.8
F39%A 242301353 2713000 1327 15.2 5.3 i27.1
F3358 242302140 2685000 1313 15.2 2.3 154,7
F34 242303341 2649000 1295 15.1 543 190.0
F33 24220543 2577000 1259 14.9 5.3 261.,0
-”T F3c 2423107:17 2521000 1231 l4.8 3.3 315.7



F3l
F30
T F29
F28
F21
F26
F25
F24
F23
F22
F21
F2o
F19
F18
FL7
Fle
F15
Fia
F13
Fl24
F128
Fl11
F10
F9
F8
F7
Fb

Fé4
G3
G4
63
6o
G7
G8
G190
Gll
6l2
Gl3
Gl4
617
Gls
619
620
G2l
622
623
G24
625
G2o
627
6G2o
632
A’W 633

242309104
242109134
242:10:23
242313125
242113153
242115132
242:17:31
2423115124
242121132
242123124
2643304354
243207153
243109321
243:12:50
£43:15:16
243116357
2431319:01
243321308
243:23:00
2449:00303
2443100129
244:02:49
244305:13
244306221
24413108305
244109158
244312102
244313:35
2643164340
244120:07
244322143
245102128
245105108
245107851
245:09:31
245:14:05
2453114139
245315210
2453163130
245318148
24681145
246:12:59
246314116
2463115331
2463118119
2463:19t1e
2463122101
246322153
247:00109
247:03101
e47:042:31
247:05:009
247320142
247121324

2457000
2438000
2409000
2299000
2283000
2222000
2150000
2081000
2002000
1933000
1725000
1611000
15535000
1418000
1322000
1254000
1170000
1082000
1004000
960000
941000
839000
731000
678000
397000
205000
398000
313000
251000
183000
335000
531000
639000
783000
858000
1053000
1077000
1099000
1154000
360000
1904000
1950000
1998000
2044000
2147000
2182000
2282000
2313000
2359000
2463000
2516000
2539000
3087000
3112000

1199
1189
1175
1120
1112
1081
1045
1011
971
937
833
176
748
679
631
397
555
511
472
450
441
390
336
309
269
223
169
127
96
62
138
236
300
362
399
497
509
520
547
i79
922
945
369
992
1044
1061
1111
1127
1150
1202
1228
1240
1514
1526

14,7
14.7
14+6
l4+4
l4.3
14.2
14.0
i3.8
13,6
13.4
12.7
12.2

-~ wy wd =0 DD D
* & & ¢ ® a & 8

O 0 oHomo O

0
-
~J

13.8

[
-
-

-}

26.5
135.1
113.2
102.2

98.2

93.5

94.2

91.6

91.3

91.1

90.5

23,0

86.1

85.9

85.7

8546

85.3

B5.2

84.9

B4.8

84.7

8444

84.3

B4.3

83.3

83.3
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18.1
35.9
64.5
170.6
186.5
244.8
31346
19.3
94.2
159.1
351.5
95.5
146.5
267.8
35244
50.9
122.7
196,2
260.7
296 .4
311.7
31.8
114.1
152.8
210,.8
273.7
340.6
28.7
39.1
5147
120.8
241.4
330.5
63.1
120.2
2775
297.1
315.1

leb
94.0
311.7
355.0
39.8
83.2
181.0
214.2
310.2
340.6
25.0
125.4
i77.8
200.3
24%.1
4846




3138000 1539 83.3

G4 247322109 5.5 75.1
~ 635 248301317 3247000 1594 83.1 505 18446
| 636 248102:05 3275000 1608 83.1 5.5 21248

637 248102154 3302000 1621 83.0 5.5  241.1

G3s 248:03:35 3326000 1633 83.0 545 265,2

639 249104345 3366000 1653 83.0 5¢5  305.9

640 248305129 3392000 1666 8249 5.5 331.6

641 248106815 3418000 1679 82.9 5.5 35846

642 248106155 3441000 1691 82,9 5.5 21.9
! |
! TABLE 5 1
! PIONEER i1 SATURN COMPUTER TAPE TABLE OF CONTENTS !
| {

tape name Days-Uf~Year included on tape

SATURN] 237 (first 8 hours only), 239

SATURN2 2405 241

SATURN3 242

SATURN4 243, 244

SATURNS 2455 246

SATURNS 247, 248

{All Mode 4 records for a given DOY have been included on the
tapes as specified above - with the exception of DOY 237. No
tha from a given DOY is continued from one tape to another.,)
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Satellite Identification !

identification ot Saturn's sateliites is possible

through the use of Pioneer encounter Pre—exams, Tabie 3y

and a host of other details.

when a satellite is found in the datas, it can be identified

by computing the LOOK and ROLL angles of the telescope when
the satellite was observed. By consulting Figures 2 and 3,
satellite trajectory piots avaitable through NSSDC separately,
the satetiite which has ook and roll angles coinciding with
the line of sight of the telescope can then be identified.

The procequre to be fol lowed is?

le

2.

Compute the Earth transmit time of the sateflite
observation. Whether the sateilite was found in the
Pioneer Encounter Pre-exams or on the Imaging Photo-
polarimeter tapes, the midtime of the image can readily
be found. The midtime will be in Earth receipt time,
The Earth transmit time is one roundtrip light time

ear lier: tarth Transmit Time (ETT) is approximately
Earth Receipt Time (ERT) minus 2 hours 51 minutes 52
SeCands.

Compute the look angile of the telescope when the sat-
ellite was observed, The telescope is frequentiy

slewed to one of tne starting {ook angles., During an
observation it is stepped off of the starting look angle
Dy an amount which can be determined by counting the
look anglie fine encoder, By counting the number of fine
encoder steps which have been made at the time of sat-
ellite observations the look angle can be determined:
Look Anglie = Starting Look Angie (SLA) +/-

+ 02851 degyrees¥ (number of fine encoder steps from SLA),
The stepping history of the telescope is in the Pioneer
Encounter Pre-exams. Table 3 gives the look anglies of
the Starting Look Angles. Note that in mode 3 the tele=
scope nominally moves lé¢ fine encoder steps at a time,
The + sign is to be used in the case of forward stepping
dur ing which the fine encoder value degreases. The fine
encoder readout is a number between 1 and 24 which
“wraps around", i.e, a forward stepping sequence might
be 3» 2» 1s 245 23, 22, etc. The = sign is used in the
case of packstepping. The B and I hcusekeeping bits
should indicate the direction of steppings but instruy~
ment anomalies sometimes make them unretiable. The fine
encoder is the best indicator of the took angle.

A0
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Compute the roll angie of the telescope when the satel-
lite was observed. The Pioneer Encounter Pre-exams show
the spoke at which the data taking began. If S is the
spoke for the observation and N is the sector number of
the center of the sateilite, the rold angle is given by:
Rol |l Angle = (5-40)%(360degrees/256) = 3,75 degrees +
N* {360 degrees/1024%7,69)%L
where 7.69 is the spacecraft spin period in seconds and
L is 1 if low sample rate is off and 2 if iow sample
rate is ons The accuracy of the rolil angle is limited
by the accuracy of the spacecraft roli-pulse sensaor. It
i$ usually accurate to +/~1 degree.

The Look and Roll angles of the teliescope can then be

plotted on figures 2 and 3, If.the caiculations have been done
correctiy, the position of the telescope should match one of the
satellitess Usyaliy the look angle alone is sufficient to ident-

ify the sateltite and the roit angle angie can be used for veri-
fication,

Address further questions tot?

Dr. Tom Genhrels

Lunar and Planetary Laboratory
University of Arizona

Tucsons Arizona 85721

T
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